Region with a service commitment in biochemistry participated.
concentration of urea and glucose are large the deviations of each laboratory's value from the weekly mean is expressed on the basis that the weekly mean has a concentration of 100 mg/l00 mI.
Participants were asked to analyse the specimens as soon as possible after receipt and to return their results to the organisers. A copy of all results from all laboratories was sent to the participants each week together with the weekly mean and standard deviation.
119-160 m-equiv/l 2.6--7.4 m-equiv/l 86--114 m-equiv/l 44-306 mg/l00 ml 41--414 mg/l00 ml 6--15 mg/l00 ml 3.5-7.5 mg/l00 ml Sodium Potassium Chloride Urea Sugar or glucose Calcium Total protein A Quality Control Sub-Committee of the Leeds Region Committee for Clinical Biochemistry was responsible for the organisation.
Twenty-five laboratories with annual work loads varying between 5,000 and 86,000 specimens participated. Twelve of these had no graduate biochemist or chemical pathologist. Each laboratory was given a code number, preserving anonymity throughout the survey, and each supplied details of the methods used (Table 1) .
A specimen of plasma was sent by post at weekly intervals and the laboratory was asked to determine the sodium, potassium, chloride and urea content by their routine procedures. Later calcium and total protein were included. A specimen was also sent for analysis of sugar or glucose and for this a stroma-free haemolysate, prepared from washed red cells, was found to be the most satisfactory; it could be fortified with glucose and stored deep frozen. The ranges of concentrations covered by the investigation are given in Table 2 . As the ranges of Several schemes for external quality control have been proposed recently. These vary from the interchange of specimens between two neighbouring laboratories (Whitehead and Morris, 1969) to regular national surveys of proficiency (Copeland, 1968) . Skendzel (1969) has suggested that these regular surveys provide an assessment of both overall and individual performance and this acts as an incentive for improvement. In Britain regular regional surveys of this type have been described (Kenny, 1969; Richardson et al., 1969) but have mostly used laboratories with a graduate biochemist.
This paper describes the development and validation of a Regional quality control survey scheme in which all pathology laboratories in the Leeds Initially plasma was despatched (20 weeks) and an attempt was then made to evaluate each laboratory's performance. The 'error' of each result was taken to be the difference between the mean value of all the results from that week (x) and the particular value found (y). A graphical plot of Ix-yl for each laboratory over the 20 weeks illustrated which laboratories were consistently accurate or inaccurate;
widely varying values of [x-y I indicated a lack of precision.
However, this graphical record was of little value as a quantitative measure of performance and an arithmetic method was developed which attempted to distinguish between accuracy and precision. Accuracy was defined as the average difference between a laboratory's results and the respective .l'lx-yl weekly mean, i.e.
where 'n' is the number of n weeks a laboratory carried out the determinations (=20 for most of the laboratories); precision was defined as the standard deviation of Ix-yl. The upper and lower limits of the values thus obtained for accuracy and precision are presented in Table  3 . 
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In addition to this method of assessment, the data from this phase of the work were examined by the method suggested by Tonks (1963) . This worker suggested an 'allowable error' which varied with the compound analysed, and for sodium, potassium and chloride was taken to be one quarter of the normal range (i.e. 3 m-equiv/l for Na and Cl and 0.5 m-equiv/l for K); for urea and sugar the 'allowable error' was taken as 10 %.
These limits were applied to the data from the first 20 weeks. A 'pass' was scored for a laboratory result which fell within the range of 'allowable error'; the weekly mean of each component was taken as the true concentration for this purpose. The 'pass rate' (expressed as a percentage of the total number of analyses) for all the results obtained for each component is shown in Table 4 ; also presented are the limits of the ranges of the 'pass rate' for individual laboratories. The corresponding figures taken from a national survey using similar criteria (Gowenlock, 1969) are shown for comparison.
In this experiment much reliance was placed on the weekly mean, and if this did not represent the true value this method of assessment would be invalidated. This was therefore investigated by issuing aqueous solutions of known concentration, reconstituted commercial control sera and pooled plasma.
Aqueous solutions were despatched for 25 weeks; during the last 15 weeks of this period a separate solution of calcium chloride (prepared from A.R. calcium carbonate) was included and bovine serum albumin (Armour) was incorporated into the aqueous solutions for electrolytes and urea. Results for two typical weeks are shown in Table 5 .
Following this, four commercial control sera, from two different manufacturers, were reconstituted and the contents of several vials combined before separating into portions prior to despatch. The results of weekly means of the four sera are given in Table 6 and are compared with the manufacturers' stated values. Table 4 . Percentage ofresults within the specified limits for the first 20 weeks experiment. The extreme of the ranges found are shown in brackets; also quoted are the available results of the national survey (Gowenlock, 1969 Table 3 are confirmed by the results in Table 4 for the individual laboratory's mean 'pass rate'. The mean 'pass rate' shows some comparability with a much larger but more homogeneous group of laboratories sampled by Gowenlock (1969) .
The reliability of the weekly mean is of primary importance when attempting to explain the wide variations quoted in Tables 3 and 4 . From the data shown in Tables 5 and 6 the closeness of the weekly mean to both the known (aqueous) or stated (control sera) values is evident, with possibly one or two exceptions.
The validity of the weekly mean is given more strength by the data quoted in Table 7 . These indicate relatively normal distributions for potassium and calcium in aqueous solution (upper rows); but this is not so pronounced for the plasma results (lower rows) where, in general, distributions are not Gaussian.
The five values for urea given in the -9 to -14 group in Table 7 obviously represent an error in one of the standardised plasmas, as four of these results originate from one specimen. However, excluding these results, the figures quoted in Table 7 are contained within the following percentage limits, calculated on the average value given in brackets.
140 Table 5 . The weekly means obtained on two aqueous solutionsby 25regionallaboratories.Actual concentrations given in brackets.
Solution 1
Solution 2 In the last experiment, 5 litres of pooled plasma was 'standardised' by 10 large hospital biochemistry laboratories throughout Britain, who each analysed four portions of it. Three other 'secondary standardised' plasmas were prepared from this by suitable additions and dilutions, and the concentrations in these specimens obtained by calculation. All these plasmas were separated into portions and stored deep frozen until despatched. Each of the four plasmas was distributed randomly among the participants on four separate occasions. The results of this experiment are given in Table 7 where they are compared with the similar data obtained with the aqueous solutions.
DISCUSSION
The results of accuracy tests for sodium, potassium and chloride presented in Table 3 appear good but it should be remembered that these represent differences between a laboratory's result and the corresponding weekly mean of all the results; summation of large positive and negative differences could produce apparently good accuracy when calculated by this method. The lower limits of the figures given for precision for the same three components are reassuring but the upper limits represent poor Calcium mg/loo ml 10.5 (10.0) 12.5 (12.7) 9.1 (9.0) 11.9 (12.0) Total protein g/loo ml 7.6 (7.5) 5.3 (5.1) 6.4 (6.4) -- Table 7 . Summary ofthe deviations ofthe weekly mean ofaqueous solutions andpooledplasmafrom the actual concentration. The number of occasions in which the weekly mean differed from the known (aqueous) or calculated (pooled plasma) values is shown in the vertical columns, each of which represents a positive or negative deviation; coincidence is represented by the vertical column marked '0'. The figures represent the number of weeks a particular difference occurred; the amount of the difference for each component is indicated by the key below. The upper horizontal row against each component assayed summarises the data from aqueous solutions whilst the lower row shows the corresponding results for pooled plasmas. thank all who have participated in this scheme, colleagues who have helped with extraneous experiments, and Wm. Warner & Co. Ltd. and Baxter Laboratories (Hyland Division) Ltd., who so unstintingly provided large quantities of control sera.
